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LOUDSPEAKER ARRAY 



The present invention relates to a loudspeaker array and to a loudspeaker system 
comprising a plurality of such arrays. Such an array or system may be used in a sound 
reinforcement system or M PA" (public address) system to provide sound reinforcement 
in an enclosed or "open air" auditorium or arena of relatively large size. 

A known type of sound reinforcement system makes use of "line sources" of 
loudspeakers- Each loudspeaker comprises an electro-acoustic driver housed in some 
form of enclosure with the diaphragm of the driver radiating from a front of the 
enclosure di reedy into the environment. The individual loudspeakers are arranged as 
vertical one-dimensional straight line arrays. Such arrays radiate sound throughout a 
very large angle in a horizontal plane. A typical line source radiates sound relatively 
evenly throughout more than 90" and up to 130° in a horizontal plane* 

If more than one such line source is needed in order to provide sufficient sound 
pressure levels at a venue, several line sources may be used but must be spaced apart by 
a sufficiently large distance so as to avoid undesirable interference with each other. 
Mutual spacings of greater than about 20 feet (about 3.5 metres) are required so that 
undesirable interference effects are reduced to an acceptably low level, for example 
below normal audibility to listeners' Because of the wide dispersion pattern, it is 
impossible to avoid destructive interference when a listener is located away from a 
centre vertical plane between a pair of line sources. It is therefore impossible to achieve 
an increase in sound pressure level simply by adding another line source adjacent an 
existing line source. 

In applications where the locations of the loudspeakers of a sound reinforcement 
system are limited, a system based on conventional line sources may be difficult, 
inconvenient, or impossible to provide. For example, in applications where sound 
reinforcement is required throughout a relatively large area but sound reinforcement 
loudspeakers are restricted in location to a much smaller area, conventional line source 
techniques are not capable of providing an acceptable sound pressure level throughout 
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the area. An example of such a situation is in a rectangular arena, comprising audienc^ 
accommodation around the sides of a sports area, where the sound reinforcement 
loudspeakers may only by located at the middle of a shorter side of the rectangular 
arena. 

According to a first aspect of the invention, there is provided a loudspeaker array 
as defined in the appended claim 1. 

According to a second aspect of the invention, (here is provided a loudspeaker 
system as defined in the appended claim 18. 



Embodiments of the invention are defined in the other appended claims. 

Each loudspeaker has a sound propagation axis which is generally the central 
axis of the three dimensional dispersion pattern and sometimes, but not always, 
corresponds to the direction of maximum sound output. For example, in the case of 
cone diaphragm drivers driven by a voice coil in a magnetic gap having an acoustic 
channel or "waveguide" arrangement extending forwardly of the cone diaphragm with 
at least vertical and- horizontal planes of symmetry, the sound propagation axis is 
defied by the iine at the intersection of the planes of s>7umetry. 

In the case of a generally vertically extending line source, for off-axis listening 
in the horizontal plane, the sound pressure level falls as the angle relative to the sound 
propagation axis increases. The angle of a dispersion pattern is the angle between 
directions at which the sound pressure level has fallen to a predetermined level relative 
to a reference level. Typically, the sound pressure level on the sound propagation axis 
is taken as the reference level and the dispersion pattern angle is measured between the 
directions at which sound pressure level has dropped by three decibels (-3dB) relative to 

the reference level. This corresponds to half the reference loudness in audible terms, 

I* * 

Time-alignment refers to the effective point source constituted by each 
loudspeaker. In the case of cone diaphragm loudspeakers driven at or near the centre of 
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the cone by a voice coil former carrying a voice coil within a magnetic gap, the 
diaphragm does not move as a rigid unit because of its flexibility. The effective point 
source of such a driver is therefore in the region where the former is fixed to the 
diaphragm since this is effectively the first point from which sound will be radiated. 
For time-alignment in the ca$e of a one dimensional straight line array of loudspeakers, 
all of the effective point sources of the loudspeakers are required to lie on a straight line, 
which is generally perpendicular to the sound propagation axes where the axes are 
parallel to each other. For a one dimensional curved array in the form of an arc of a 
circle, time-alignment is achieved by disposing the loudspeakers such that the sound 
propagation axes intersect each other at the centre of the arc with the effective point 
sources ail being spaced by the same radius ftom the centre. 

Although time-alignment may be achieved by the actual locations of the 
loudspeakers, time-alignment may be achieved by a combination of physical location 
and electronic signal processing. Thus, signal delays may be provided in a digital 
crossover processing system for dividing the frequency spectrum supplied to the 
loudspeakers to compensate for or to permit actual locations of the effective point 
sources being different from the relative locations which would provide time-alignment 
without such electronic adjustment. 

The or each line source is "one dimensional" in the conventional sense of having 
no width and depth, but is not limited to being arranged in a straight line. In a typical 
arrangement, the effective point sources of the loudspeakers, which may be the actual 
effective point sources or equivalent effective point sources allowing for any relative 
time delay in the signal supplied to the loudspeaker, are arranged in a vertical plane with 
the one dimension and the sound propagation axes all being contained in that plane. 
The line source may, for example, be arranged as a one dimensional straight line array 
or as a one dimensional circular arc array. In embodiments where there are two or more 
line sources, the effective sound somces may, for example, be disposed on cylindrical or 
spherical surfaces with the sound propagation axes being directed radially outwardly. 
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The dispersion pattern perpendicular to the one dimension (generally but not 
necessary horizontal or nearly horizontal in use) is such as to permit line sources to be 
located Close together without undesirable mutual interference. Thus, an array may be 
provided for covering a relatively large area from one relatively small region, for 
example at the edge of the area to be covered. By clustering loudspeaker arrays 
together, the sound dispersion provided by a system can be designed or arranged to 
provide a desired sound pressure level at substantially any point within a region to be 
covered. Thus, a very compact loudspeaker system can be provided for achieving a 
desired sound pressure level at any point in *!ine-of-sight" within an arena or other 
venue. 

The invention will be further described, by way of example, with reference to 
the accompany drawings, in which: 

Figure 1 is a front view of a loudspeaker system constituting an embodiment of 
the invention; 

Figure 2 is a side view of the system of Figure 1; 

Figure 3 is a plan view of the system of Figure I; 

Figure 4 is a front partly diagrammatic view of a first loudspeaker array forming 
part of the system of Figure 1; 

Figure 5 is a side view of the array of Figure 4; 

Figure 6 is a plan view of the array of Figure 4; 

Figure 7 is a front view of another array forming part of the system of Figure 1 ; 
Figure S is a side view of the array of Figure 7; 
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Figure 9 is a plan view of the array of Figure 7; 

Figure 10 is a view from the front and to the side of the array of Figure 7; 

Figure 11 is a front view of a full-range loudspeaker system including the 
system of Figure I; 

Figure 12 is a plan view of the full-range system of Figure 11; and 

Figure 13 is a view from the front of, to the side of and below the full-range 
system of Figure i I , 

Like reference numerals refer to like parts throughout the drawings. 

The loudspeaker system shown in Figures 1 to 2 comprises five loudspeaker 
arrays which arc symmetrical about a central vertical plane and which cover a frequency 
range from about 300Hz to about 17KHz. Each of the arrays comprises mid range 
loudspeakers covering the frequency range from about 300Hz to about 7KHz and high 
frequency loudspeakers covering the frequency range from about 5.7KHz to about 
17KKz. The loudspeaker system is intended, for example, for use in an arena of 
generally rectangular shape with a rectangular sports area and audience accommodation 
along two long sides and one short side of the rectangle. The system is intended for 
mounting generally at the middle of the other short side above audience level, The 
loudspeaker system occupies a very small region compared with the size of the arena 
and provides a desired and a sufficiently uniform sound pressure level throughout the 
whole of the audience accommodation. 

The loudspeaker system comprises a first loudspeaker array 1 for directing 
sound to an opposite short side of the arena, a pair of symmetrically arranged second 
arrays 2 and 3 for providing coverage of much of the long sides* and a symmetrical pair 
of third arrays 4 and 5 for providing cover of the nearer ends of the long sides. 
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The loudspeaker array I is shown in Figures 4 to 6 and comprises two pairs o& 
line sources in the form of one-dimensional arrays of loudspeakers. The first pair 
comprises line sources 10 and 11 of mid-range loudspeakers whereas the second pair 
comprises line sources 12 and 13 of high frequency loudspeakers ("tweeters")- 

Each of the mid-range loudspeakers comprises an electromagnetic 8 inch (20cm) 
diameter cone diaphragm driver disposed at the rear of and directing sound into a 
"waveguide" for controlling, among other things, the sound dispersion pattern of the 
loudspeaker. In the example illustrated, the horizontal dispersion angle is about 20 
degrees and the vertical dispersion angle is relatively small, for example less than 10 
degrees. Each of the loudspeakers such as 14 produces a substantially plane wave and 
the dispersion patterns are such that the sound pressure level declines rapidly for angles 
greater than half the dispersion angle away from the sound propagation axis of the 
loudspeaker. The driver and the waveguide are both symmetrical about vertical and 
substantially horizontal planes and the intersection of these planes defines the sound 
propagation axis, about which the dispersion patterns vertically and horizontally are 
substantially symmetrical. 

Each of the loudspeakers of the line sources 12 and 13 comprises a one inch 
(2.5cm) diameter high frequency compression driver such as 15 directing sound into a 
horn Such as 16, The drivers 15 and the horns 16 am also symmetrical about vertical 
and substantially horizontal planes, whose intersections define the sound propagation 
axes of the high frequency loudspeakers. 

Each of the loudspeakers 14 may be of the type disclosed in US Patent 
Application No. 08/199455. 

The loudspeakers of the array I are arranged such that there effective point 
sources arc located on the surface of a sphere with the sound propagation axes being 
_ directed radially outwardly from the centre of the sphere. The line sources 10 and 11 
are angled apart such that the vertical planes passing through the sound propagation 
axes of these line sources intersect at about 20 degrees. For many applications, it is 
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appropriate for the angle in the horizontal plane between line sources to be substantially 
equal to the sound dispersion angle of the loudspeakers making up the sources. Such 
arrays thus produce substantially coherent wave fronts with well-defined and 
controllable directionality. 

Although the effective point sources in the illustrated embodiment are disposed 
on the surface of a sphere, for some applications, they may be disposed on the surface of 
an ellipsoid or on a surface having a first radius of curvature in the vertical plane and a 
second radius of curvature in the horizontal plane (such as a torus). Also, each of the 
line sources 10 to 12 is curved in the vertical plane by providing an angle greater than 
zero degrees and generally less than 10 degrees in the vertical plane between the sound 
propagation axes of adjacent pairs of loudspeakers. The curvature may be varied and 
may be made infinite to provide a straight line array depending on the specific 
requirement, such the distance to the region to be covered by the line source and the 
size of that region. 

Disposing line sources of this type near to each other allows a system to be built 
and tuned to provide any desired pattern of sound pressure level within line-of-sight of 
the system. Interference between line sources is reduced or eliminated or acts 
constructively to allow line sources to be disposed adjacent each other- 
Figures 7 to 9 illustrate the loudspeaker array 3 of Figure 1 from four different 
views. The array 2 is the minor image of the array 3. 

The array 3 differs from the arrays 11 and 13 in that the mid-range array 
comprises four loudspeakers instead of six loudspeakers, the high range array comprises 
ten loudspeakers instead of fifteen, and the radius of curvature of the array 3 in the 
vertical plane is smaller so as to give a larger vertical dispersion angle for the array. 
The radius of curvature of the array 3 and its azimuth relative to the array 1 are 
determined by the "footprint** which the array 3 is required to cover and the number of 
loudspeakers is determined by distance to the footprint so as to provide a sufficiently 
uniform sound level at the audience area from all parts of the loudspeaker system. 
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The line sources 4 and 5 differ from the line sources 2 and 3 in that each mid- 
range array comprises two loudspeakers and each high frequency array comprises five 
loudspeakers. Again, the radius of curvature in the vertical plane and the azimuth are 
determined according to the required footprint, which is relatively near to the 
loudspeaker system so that fewer loudspeakers are required to provide the desired sound 
pressure level. 



The airays 1 to 5 cover the audible frequency range above about 300Hz, In 
order to provide a full-range system with a frequency range extending down to bass 
frequencies, these arrays may be augmented by further loudspeakers as illustrated in 
Figures 11 to 13. The lower-mid frequency range is handled by three curved line anays 
of loudspeakers as illustrated at 20 whereas the low bass frequency range is handled by 
stacks of bass loudspeakers 21 and 22. Each of the loudspeakers 20 may be of the type 
disclosed, for example, in EP 1069803 and each of the bass loudspeakers may be of the 
type disclosed in EP 1164814. Although the dispersion patterns of the loudspeakers of 
the line arrays 20 are such that the same principles may be used in these line sources as 
in the line sources 1 to 5, the bass loudspeaker provide wider dispersion patterns so that 
the stacks 21 and 22 operate more like conventional line sources but with restricted 
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CLAIMS: 



1. A loudspeaker array comprising at least one line source, the or each line source 
comprising a one dimensional array of substantially time-aligned loudspeakers, each of 
which has a dispersion pattern subtending an angle © of less than 50° in a plane which is 
perpendicular to the one dimension at the loudspeaker. 

2. An array as claimed in claim 1* in which 6 is substantially equal to 20°. 

3. An array as claimed in claim 1 or 2, in which each of the loudspeakers is 
arranged to produce a substantially plane wave throughout the frequency range of the 
loudspeaker. 

4. A array as claimed in any one of the preceding claims, in which the or each line 
source comprises at least three loudspeakers. 

5. An array as claimed in any one of the preceding claims, in which each of the 
loudspeakers has a sound propagation axis and the propagation axes of the loudspeakers 
of the or each line source are in a plane containing the one dimension. 

6. An array as claimed in claim 5, in which the propagation axes of adjacent pairs 
of loudspeakers in the or each line source subtend an angle of between 0° and 10\ 

7. An array as claimed in any one of the preceding claims, in which the 
loudspeakers of the or each line source are disposed in a straight line. 

8- An array as claimed in any one of claims 1 to 6, in which the loudspeakers of the 
Or each line source are disposed on a circular arc. 

9. An airay as claimed in claim 8 7 in which the loudspeakers of the or each line 
source are arranged to radiate away from a centre of curvature of the arc. 
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10. An array as claimed in any one of the preceding claims* in which the 
loudspeaker of the or each line source are of the same type. 

11. An array as claimed in any one of the preceding claims* having a frequency 
range from substantially 300Hz to substantially 7KHz. 

12. An array as claimed in any one of the preceding claims, comprising a plurality 
of line sources disposed laterally adjacent each other. 

13. An array as claimed in claim 12, with an angle substantially equal to 6 between 
plane$ containing sound propagation axes of the or each adjacent pair of line sources. 

14. An array as claimed m claim 12 or 13, in which the loudspeakers of all of the 
line sources are substantially time-aligned. 

15. An array as claimed in any one of claims 12 to 14, in which the loudspeakers of 
the line sources are of the same type. 

16. An array as claimed in any one of claims 12 to 14, in which the line sources 
comprise first and second sets, the loudspeakers of the or each line source of the first set 
having a first frequency range and the loudspeakers of the or each line source of the 
second set having a second frequency range different from the first frequency range. 

17. An array as claimed in claim 16, in which the first frequency range is 
substantially contiguous with or overlaps the second frequency range. 

18. A loudspeaker system comprising a plurality of loudspeaker arrays, each as 
claimed in any one of the preceding claims. 

19. A system as claimed in claim 18 when dependent on claim 8 S in which the radius 
of the circular arc of the or each line source of a first of the loudspeaker arrays is 
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different from the radius of the circular arc of the or each line source of a second of the 
loudspeaker arrays. 
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ABSTRACT 
LOUDSPEAKER ARRAY 

(Figure 1) 

A loudspeaker array comprises line sources (1-5). Each line source comprises a one 
dimensional array of loudspeakers. The loudspeakers have horizontal dispersion angles 
less than 45 degrees. The loudspeakers of each line source are time-aligned 
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SUW« 3 * Stirtl «ytMR prttMSftd Nto* 6/ lOAVTl 0 Eta" Afc hfll* 

^ Lifting PO**B_ provided wilh Sown stainless sted *hig*l*. 
w7 The body t>J \fo i,i*tVc *i| ho«* *ir*>eh 
a 3M' hole w a Citoifcy 8-379 3*8" eye belt. 
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tTibm Horn usonfeiys oonsfef or a 
one-pira mufaieeD GBP horn 
Sta tiles* steel rramevwrt, There 
are stainless strips connecting Bach 

ortva unit to oi9 ana tamos 

although Ihey sra not shown on 
drawings. 
THejr will be supplied as a wanned 
P&*. mm far each «vd et (*& array. 
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